having a left bundle branch pattern may originate in either the right or left ventricle.t' In adults most ventricular tachycardia is associated with chronic coronary artery disease and arises from the left ventricle. 4 The clinical and electrophysiologic characteristics of left ventricular tachycardia have been well described.6t In contrast, ventricular tachycardia originating in the right ventricle has been associated with a wider variety of underlying diseases, including postsurgical congenital heart disease9 and right ventricular dysplasia.i 10 This report is a retrospective description of the characteristics of a unique group of patients with tachycardia originating in the right ventricle: patients in whom tachycardia arises from the right ventricular outflow tract without associated myocardial disease.
Methods
Tachycardias were defined as follows. Nonsustained ventricular tachycardia was that lasting for from 3 beats to 30 sec and terminating spontaneously without hemodynamic compromise. Sustained ventricular tachycardia was that which lasted more than 30 sec. The site of origin of ventricular tachycardia was confirmed by endocardial catheter mapping. Our methods of mapping have been described previously. 4 The site of origin of tachycardia was defined as that site showing the earliest recorded high-frequency bipolar electrogram that crossed the baseline at or before the onset of the QRS complex. Tachycardia was considered inducible if programmed electrical stimulation or isoproterenol infusion reproducibly initiated (at least twice) ventricular tachycardia that replicated the spontaneous tachy- BUXTON et al. cardia in both morphologic characteristics and rate. Tachycardias were considered noninducible if these methods failed to replicate the spontaneous tachycardia.
Electrophysiologic study protocol. Studies were performed in 30 subjects in the nonsedated, postabsorptive state after informed consent had been obtained. All antiarrhythmic drugs had been discontinued at least five half-lives before the study began. Two to four multipolar electrode catheters were introduced percutaneously or by cutdown and positioned in the heart under fluoroscopic control at the high right atrium, atrioventricular junction (in the His bundle position), and right ventricular apex in all patients, and in the coronary sinus in 15 patients. When ventricular tachycardia was not induced by stimulation at the right ventricular apex, the protocol was repeated at the right ventricular outflow tract. Stimulation was performed with a custom-designed programmable stimulator and an optically isolated constant current source (Bloom Associates Limited, Narberth, PA), which produced rectangular impulses 1 and programmed electrical stimulation provoked ventricular tachycardia in 10 patients (figure 2). Ventricular tachycardia was initiated by atrial pacing in seven patients, ventricular pacing in five patients, and ventricular extrastimuli in seven patients and tachycardia was induced by more than one method in eight patients. The cycle lengths of atrial and ventricular pacing that induced tachycardia were similar, ranging from 500 to 300 msec.
The cycle lengths of ventricular tachycardias induced by rapid atrial or ventricular pacing remained constant in each patient regardless of the drive cycle length that induced the tachycardia. The coupling interval from the last paced complex to the onset of tachycardia also remained similar, regardless of the drive cycle length or pacing site (atrium or ventricle) that induced tachycardia (figures 2 and 3).
The tachycardias induced by programmed stimula- 
F -e * A ---* --* G : --: w -w ---E . E . e w-< --;; --l --X ;z3 FE ii NE it i p: i S 3 { 5 E ; e . . : couplets, but no ventricular tachycardia, during isoproterenol infusion. The ventricular ectopy in each case had the same morphologic characteristics as the patient's ventricular tachycardia. In two patients ventricular tachycardia both occurred spontaneously during isoproterenol infusion and was provoked by rapid atrial and ventricular pacing (one patient) or triple ventricular extrastimuli (one patient) in the control state.
In all but two patients the rate of spontaneous ventricular tachycardia and that of tachycardia induced by programmed stimulation was the same as that during isoproterenol infusion (figure 2). In two patients the cycle length of ventricular tachycardia provoked by isoproterenol was shorter (by 90 and 100 msec) than that of the spontaneous tachycardia that occurred at control.
Results of endocardial catheter mapping. Ten patients underwent endocardial catheter mapping of either ventricular tachycardia or single and double ventricular beats having the same morphologic characteristics as the tachycardia (two patients). Both right and left ventricular endocardial maps were obtained for seven patients, while for three only right ventricular endocardial maps were obtained. In all but one patient the earliest site of endocardial activation during tachycardia occurred at or above the infundibulum at the entrance to the outflow tract on the interventricular septal rather than free-wall surface (figure 4). The origin of tachycardia in one patient appeared at the right ventricular outflow tract but the activation time of the free wall could not be distinguished from the septal activation time. Biventricular maps showed that right ventricular septal activation occurred earlier than left ventricular septal activation during ventricular tachycardia in each patient. Polyphasic abnormally wide electrograms were not recorded in any patient during sinus rhythm. However, in three of nine patients for whom sinus and tachycardia maps were obtained, electrograms that were normal in sinus rhythm became polyphasic and widened during ventricular tachycardia. The abnormal electrograms were those recorded at the infundibulum in each. Abnormal electrographic findings were not noted for the free wall of the right ventricle. Late potentials (i.e., ventricular electrograms appearing beyond the end of the QRS complex)'0 were not observed in any patients during sinus rhythm.
Results of signal-averaged surface electrocardiograms.
The filtered QRS duration (mean ± SD) of the 13 patients in whom signal-averaged surface electrocardiograms were obtained was 95 + This group of patients has now been followed for 3 to 72 months (mean 30 months). One patient was lost to follow-up after hospital discharge. The remaining patients are alive and free of recurrences of ventricular tachycardia while taking the prescribed drugs. One patient experienced recurrences of ventricular tachycardia when his quinidine was stopped, but the tachycardia was again suppressed on reinstitution of therapy. Two patients have experienced apparent "remissions" of ventricular tachycardia. One is a 17-year-old boy who had asymptomatic incessant ventric-924 exaUcrDatlion U1 sponlaeoCus tacllycaudlU4, --= uppl-chblUli U1 ular tachycardia that was not treated. The tachycardia persisted until 18 months after his initial evaluation when repeated electrocardiographic monitoring showed him to be free of spontaneous tachycardia. A second patient who presented with sustained ventricular tachycardia and was treated has undergone two follow-up electrophysiologic studies. At the second follow-up study he had been asymptomatic, and because at this time tachycardia was much more difficult to initiate and was only nonsustained, therapy was discontinued. To date he had had no spontaneous recurrence (7 months after the second follow-up study).
Both patients who were treated surgically had incessant ventricular tachycardia before surgery. Since surgery (4 and 20 months, respectively) neither has had any recurrence of ventricular tachycardia while off all antiarrhythmic therapy.
PATHOPHYSIOLOGY AND NATURAL HISTORY-ARRHYTHMIA Discussion
The present study describes clinical and electrophysiologic findings in a homogeneous group of patients with right ventricular tachycardia in the absence of myocardial disease. Several characteristics of these patients are noteworthy. The electrocardiographic morphologic characteristics of the tachycardias were remarkably consistent, with a left bundle branch block pattern and inferior axis. Although the majority of patients had experienced symptoms attributed to their tachycardias, including syncope in patients with very rapid tachycardias, no patient had a history of cardiac arrest. During electrophysiologic evaluation and subsequent follow-up no patient developed ventricular fibrillation. Also remarkable is the relatively high frequency of exercise-and isoproterenol-provocable ventricular tachycardia in these patients. In fact, this group of patients represents 75% of the nonischemiarelated exercise-induced ventricular tachycardias observed at our institution. * Another common characteristic of this group of patients was the presentation with frequent, often incessant, repetitive bursts of monomorphic ventricular tachycardias.1418 The 20 patients in the present study who presented with this condition represent 80% of patients with repetitive monomorphic ventricular tachycardia studied at our institution. * Although only a third of these patients had tachycardias induced by programmed stimulation, induction of tachycardia by atrial or ventricular pacing was more common than induction by extrastimuli. This distribution of modes of induction is distinctly different from that observed in most patients with recurrent sustained ventricular tachycardia associated with coronary artery disease8' 21 ing a left superior axis,'°whereas each patient in the present series was repeatedly observed to have tachycardia of only one form. Hemodynamic and angiographic investigation in our group of patients failed to reveal any evidence of right ventricular enlargement or dysfunction. The resting electrocardiogram in each patient in this series was normal, and none of the characteristic abnormalities observed in patients with right ventricular dysplasia were observed. The endocardial maps obtained during sinus rhythm also failed to reveal abnormally wide or fragmented electrograms and the signal-averaged surface electrocardiograms were normal and did not show the characteristic delayed activation uniformly found in patients with right ventricular dysplasia.10 Finally, whereas right ventricular dysplasia appears to be a disease predominantly of the right ventricular free wall, the tachycardias observed in these patients appeared to originate on the interventricular septal surface of the right ventricle.
Results of electrophysiologic studies -implications for mechanisms. Classically, it has been assumed that reproducible induction of an arrhythmia by critically timed extrastimuli suggests a reentrant mechanism, while failure to induce an arrhythmia by this mode suggests some form of abnormal automaticity.24 However, recent experimental studies have shown that afterdepolarizations giving rise to tachyarrhythmias may be triggered by pacing and premature stimulation. 25' 26 In most of these experimental preparations catecholamines were used to facilitate development of triggered rhythms, and in all instances verapamil prevented their development.25 The relatively high incidence of induction of tachycardias in our patients by rapid pacing and isoproterenol infusion, while not inconsistent with a reentrant mechanism, is also compatible with the mechanism of triggered activity. Unfortunately, there is very little data at present regarding the response of triggered rhythms to various modalities of pacing. However, overdrive acceleration, which is characteristic of triggered activity, was not observed in any patient in this series. Also, the cycle length of induced tachycardias was not influenced by the mode of induction. In contrast, the rate of triggered rhythms often parallels the rate of pacing that results in induction. Palileo et al.31 described six patients with exerciseand isoproterenol-induced ventricular tachycardias, the morphologic characteristics of which were similar to those reported in this study. They did not report ventricular tachycardia occurring at rest. These authors obtained right ventricular endocardial activation maps in five of their patients and localized the earliest site of electrical activity during the tachycardia to the right ventricular outflow tract region. They did not comment on whether earliest activation occurred on the free wall or septal side of the outflow tract.
Reddy and Gettes32 described the results of isoproterenol infusion in 11 patients with ventricular tachycardia not inducible by standard stimulation methods. Five of their patients had tachycardias of the left bundle branch block pattern, but the frontal plane axes were not mentioned in the report. Finally, as noted above, the patients with repetitive monomorphic ventricular tachycardia reported by Rahilly et al. '6 and Coumel et al. 18 had tachycardias resembling the spontaneous ones observed in some of our patients. The QRS morphologic characteristics of tachycardias were not specifically commented on in the Rahilly study, although figures in the article show tachycardias with left bundle branch block and inferior axis. The majority of tachycardias studied by Coumel et al. had morphologic characteristics similar to those in our study.
The present study suggests that these independent reports actually may describe individual characteristics of a homogenous group of patients. After a variety of physiologic, pharmacologic, and stimulation studies, it became apparent that these patients shared several common characteristics, including origin in the right ventricular outflow tract, frequent provocation by exercise or catecholamines, and response to multiple antiarrhythmic drugs. The response to /3-blockers observed is unique among patients with ventricular tachycardia. Although the pathophysiologic basis for these arrhythmias is unclear, anatomic and cellular electrophysiologic studies of tissue removed from these patients at the time of surgery may provide additional insight into the mechanisms responsible for these arrhythmias.
The results of this study emphasize the importance of recording multiple simultaneous electrocardiographic leads during episodes of ventricular tachycardia. 
